The surface properties of poly(methyl methacryl-ate-co-n-butyl methacrylate-co-cyclopentyl methacryloxy propyl-polyhedral oligomeric silsesquioxane) (poly(MMA-co -BMA-co-POSSMA)) were studied by means of inverse gas chromatography (IGC) using 10 non-polar and polar solvents as the probes. Thermodynamic parameters of adsorption, such as the dispersive component of the surface energy, the specific interaction contribution to the free energy of adsorption and the acid/base constants of polymer surface were determined. It was found that incorporation of POSSMA into polymer resulted in increasing interactions between polymers and solvents, dispersive component of surface free energy of polymer and acidity of the surfaces of the polymers. The more the POSSMA were embedded, the larger the dispersive component of the surface free energy was, and the acidic character of the polymer surface was more obvious.
Introduction
Polyacrylate is probably the most versatile polymer material, with a wide variety of physical and chemical properties. Their properties lead to their use in many different applications, for example in building materials, sports goods, medical equipment, adhesives and coatings. In addition, these properties can be controlled and improved by various modification-treatments such as copolymerization and blend with special material. [1] [2] [3] [4] [5] Polyhedral oligomeric silsesquioxanes (POSS) are typical molecular nanobuilding blocks with well-defined nanosized inorganic clusters. When they are used to reinforce the polyacrylate matrix, functionalized POSS monomers are covalently bound to the polyacrylate, leading to reinforcement of the system on molecular level. The resulting nanocomposite shows improved mechanical properties and higher thermal stability. For example, Kopesky et al [6] reported miscibility and viscoelastic properties of acrylic POSS-poly(methyl methacrylate) blends, results showed that POSS species have a plasticizing effect on poly(methyl methacrylate), this plasticization resulted in a larger drop in the glass transition temperature T g in the blends containing unmodified acrylic-POSS (⊿T g ≈11 0 C at Φ POSS =0.20) when compared with hydrogenated acrylic-POSS blends at the same loading (⊿T g ≈6 0 C), and a substantial decrease in the magnitude of the storage modulus G′and the loss modulus G〞in small amplitude oscillatory shear-flow. Lichtenhan et al [7] prepared and characterized the cyclopentyl methacryloxy propyl-polyhedral oligomeric 2 silsesquioxane (POSSMA) macromer and its homopolymer poly(POSSMA), results showed that incorporation of POSS species into polymer resulted in increasing T g and the thermal stability comparing with poly(methyl methacrylate), poly(POSSMA) had no T g and decomposed at 661K due to an overall rigid nature of the methacrylate polymer backbone resulting from the dominant T 8 -POSS pendant groups. Specifically, with cage-like structure of silica and distribution on surface, incorporation of POSS can also change the surface property of polyacrylate matrix. So, it is necessary to investigate the surface property of POSS-modified polyacrylate matrix.
We have studied the surface property of POSS-modified poly(methyl methacrylateco-butyl acrylate) in which POSS content was lower than 5%(wt/wt) in copolymer. [8] In this paper, POSS was embedded into poly(methyl methacrylate-co butyl methacrylate) via copolymerization with POSS content higher than 5%(wt/wt) in copolymer; 10 different solvents (non-polar, donor or acceptor) as the probes were employed to investigate the interaction between the surfaces of polymers and solvents. The main thermodynamic parameters of adsorption, such as the dispersive component of the surface free energy, the specific interaction contribution to the free energy of adsorption and the acid/base constants, could be acquired by Inverse Gas Chromatography (IGC) since IGC is relatively rapid and with good accuracy, and can provide valuable thermodynamic informations for physico-chemical characterization of polymers [9] [10] [11] [12] [13] [14] [15] . Figure 1 Fig. 1 . The FTIR-spectra of POSSMA and copolymer.
Results and Discussion

IR-spectra
Dispersion component of surface free energy
Generally, IGC experiments are performed below glass transition temperature (T g ) of polymer if only the surface properties of polymers are considered, but some researchers used this method for surface characterizations of polymers above their T g , because the dwell times of probe molecules at the polymer surface were too short to permit diffusion into the bulk at high carrier gas flow rates [16] . In this paper, although the T g of the polymers, determined by DSC and shown in Table 1 , were in the range of around 309K-329K, we still used IGC to characterize the surface properties of POSS-based hybrid polymers in the range of 323K-343K at carrier gas flow rate of 30ml/min compared to the traditional carrier gas flow rate range of 5-20 ml/min. None [7] (T dec =661K)
The surface free energy of the adsorbent,
and specific（ AB s  ）components, corresponding to the dispersive and specific interactions [17] , given by Eq. (1):
 , is an important parameter that describes the material surface to establish non-polar interactions with other substances, and usually significantly influence the adhesive properties, wettability, coating ability, permeability, corrosive properties and biocompatibility of materials , and can be determined using both Schultz et al. [17] and Dorris and Gray [18] methods.
According to Dorris and Gray, dispersive component of surface energy can be calculated by Eq. (2) by the use of experimentally determined
where 2 CH G  is the incremental free energy of adsorption, which is equal to： are, respectively, the net retention volumes of n-alkanes having n and n + 1 atoms of carbon, they can be calculated by using method in ref [19] . [20] MBSP-5 a 27.04(327K) [8] a MBSP-5: poly(methyl methacrylate-co-n-butyl acrylate-co-cyclopentylstyryl polyhedral oligomeric silsesquioxane) with 5wt% content of styryl-POSS Thus, the D s  values of the copolymers could be obtained from the slopes of RT ln o Vg versus the number of carbon atoms based on Eq (3) and from Eq (2) and (4), respectively, and summarized in Table 2 . It could be seen that incorporation of POSSMA could increase the dispersive component of surface free energy of polymer, this should be ascribed to higher surface energy of silica core in POSSMA molecular structure as well as inorganic silica compound. We also listed D s  value of 5 silica measured by IGC method in 
Acid/base interactions
The presence of acid and base active sites on the polymer surfaces increases the possibility of specific intermolecular interactions with solvents, plasticizers, other polymers or fillers, which is of significance to the composite or blend performances. The specific free energy change of adsorption 
Where Vg 0 is the specific retention volume, and Vg ref is the specific retention volume of a hypothetical alkane with the same boiling points as that of the polar probe. Both Figure 3 and Table 3 showed that incorporation of POSSMA in polymers increased the G  values of BMMP-15 and that of BM for THF adsorbing than those for TCM indicated that the acidity of POSS-modified polyacrylate was enhanced than polyacrylate. This should be ascribed to more acidic active site of copolymer surface: Si atom in SiO 2 inorganic core when POSSMA was embedded into polymer.
Acid constant and base constant
The acid constant (K A ) and base constant (K D ) of the copolymer, which usually describe the ability of a polymer surface to act as electron acceptor and donor, are related to 7 As seen from the data in Table 5 , for the copolymer without POSSMA modification (BM), the surface exhibited slightly basic character, the ratio of K D /K A is 1.08. But when POSSMA was embedded into polymers, acidic SiO 2 inorganic core that the ratio of K D /K A is 0.013 [28] made the surface of polymer change from basic to acidic feature, and as POSSMA content increased, the acidic character of POSS-modified polyacrylate was more obvious.Compared with the ratio of K D /K A in the reference, the experimental ratio of K D /K A value was obviously increased when POSS content was 15%(wt/wt) in copolymer, indicating that higher surface energy of silica core in POSSMA molecular structure could remarkably influence on the surface property of POSS-modified polyacrylate.
Conclusions
From this study, it was found that inverse gas chromatography technique could be used to characterize the surface property of POSS-contained polymers. Some important results could be drawn: (1) Incorporation of POSSMA obviously increased the dispersive component of surface free energy of polymer, and the more the POSS were embedded, the larger the dispersive component was. (2) The specific interactions between solvents and the surface of polymers were enhanced by Incorporation of POSSMA in polymers, and the more the POSSMA were embedded, the stronger the interaction between the surface of the copolymer and the solvent was. (3) Incorporation of POSSMA made the surface of polymer change from basic character of poly(MMA-co-BMA) to acidic character of poly(MMA-co-BMA-co-POSSMA), and the more the POSS were embedded, acidic character was more obvious.
Experimental
Materials
Cyclopentyl-methacryl-polyhedral oligomeric silsesquioxane (POSSMA) was obtained from Aldrich. Toluene, methyl methacrylate (MMA), n-butyl methacrylate (BMA), AIBN and diatomite support (60-80mesh) were bought from Shanghai Chemical Reagent Company of China.
Non-polar solvents: n-hexane, n-heptane, n-octane, n-nonane, and polar solvents: dichloromethane (DCM), trichloromethane (TCM), ethyl acetate (EtAc), acetone, tetrahydrofuran (THF) and diethyl ether (DEE) were used as the probes and provided by Shanghai Chemical Reagent Company of China. All these solvents are of analytical grade and used without further purification.
Synthesis of poly(BMA-MMA-POSSMA)
The method of synthesis was seen in reference literature [8] , polymerization route was simplified using schematic diagram shown in Scheme 1.
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The samples poly(BMA-MMA-POSSMA) with 6.34wt% and 14.11wt% POSSMA were designated as BMMP-7 and BMMP-15, respectively, where the percentages of POSSMA indicated the actual POSSMA contents in copolymers that were determined by thermal gravimetric analysis (TGA) under air using a DTG-60 Instrument (Shimadzu, Japan), the sample of poly(BMA-co-MMA) was abbreviated as BM.
Scheme 1.
Simplified polymerization scheme.
FTIR analyses
The FTIR spectra of copolymer were obtained on Perkin-Elmer Spectrum One after the copolymer was dried at 40 0 C under vacuum, the solid POSSMA were used directly to obtain FT-IR spectrum.
Differential scanning calorimetry analyses
The thermal transitions for the copolymers were determined by differential scanning calorimetry (DSC) with a TA Q10 instrument using under a nitrogen atmosphere at a scan rate of 20 0 C/min.
IGC analyses
The support for the preparation of the chromatographic columns, diatomite, was coated with BMMP copolymer solution in TCM according to the soaking method of Al-Saigh and Munk [9] , then dried at room temperature to constant weight in a vacuum oven to obtain 10 wt% polymer coated based on the weight of support. The coated support was packed into 2000×4.0 mm stainless steel columns (Shimadzu, Japan) and conditioned at 100 0 C under nitrogen for 24 h prior to use.
IGC analyses were performed on a GC-16A gas chromatograph (Shimadzu, Japan) equipped with a flame ionization detector and HW-2000 chromatography workstation (Nanjing Qianpu Company, China). Dried nitrogen was used as a carrier gas with a flow rate of 30ml/min. Methane gas was used as a non-interacting marker to correct for dead volume in the column. A small quantity of solvent was injected manually with a 0.5μl Hamilton syringe.
